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ABSTRACT

'.High hydrostatic compression exerts depressive
physiological effects on various microorganisms,
including protozoans. In this report, experimental
results are presented which show that some effects
of high hydrostatic pressure are negated by increased
osmotic pressure of the media (with salt or sucrose).
In water with a salinity of 35 parts per thousand or
osmotically equivalent sucrose concentration, the
effects of 5Z5 kilograms per centimeter square pres-
sure (equivalent to an ocean depth of " 17, 000 feet)
were diminished. Explanations for this lhncmenon
are discussed in .relation to this new finding of osmotic
protection.
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NAVAL SHIP RESEARCH AND DEVELOPMENT LABORATORY

[ DEEP OCEAN MICROBIOLOGICAL STUDIES
PART I - PHYSIOLOGICAL INTERACTION[ OF HYDROSTATIC AND OSMOTIC PRESSURE

By By.

E. C. Fischer and G. L. Liberatore'

Hydrostatic pressure equivalent to that of the deep ocean is one environ-
mental factor which affects the physiological activities of organism living on
or within the sea floor. Hydrostatic compression has been used as'a tool
in investigations of cellular phenomena such as pinocytosis, 1 amoeboid
movement, ? and sol-,gel equilibria 3 in protozoans. However, most work
in high pressure biology has been limited to the effects of hydrostatic com-
pression on the growth and metabolism of bacteria.4, 5 The generally
depressive effects of compression can be reduced or counteracted by in-
creased incubation temperatures. 6, 7 This report describes a similar
beneficial effect induced by increased osmotic pressure of the hydrostati-
cally compressed medium. This interaction was discovered during the
development of techniques for the long-term culture of ciliated protozoans
at high hydrostatic pressures, and may be a key to a more general biophy-
sical principle which accounts for active 'metabolism of deep sea and ocean
floor microorganisms.

MATERIALS AND METHODS

* IAxenic rultures of the euryhaline ciliate Glaucoma chattoni were main-
tained in 4n autoclaved crude medium containing 0. 2516 proteose peptone,
0. 25%6 dextrose, and 0. 2%o yeast extract, pH 7. 30. In long-term growth
experiments, the osmotic concentration of the medium was varied by the
addition of natural or synthetic seawater to a maximum salinity of 35 parts
per thousand.while maintaining the nutrient content constant. Inoculated
media were aseptically drawn into glass syringes and injected with a sterile
helium-oxygen gas mixture through a serum cap placed over the syringe

Superscripts refer to similarly numbered entries in the Technical Ref-

erences at the end of the text.
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tip. The gas mixture, imparting approximately 30=ppm* oxygen Zi
" ma.croliters per milliliter) satisfied the aerobic requirements of the ciliates.
Syringe cultures were co/npressed hydrostatically in steel pressure vessels
and incubated at 190 C. Growth curves were formulated by electronic cell
"counting following decompression of the cultures as previously described. 8

. The imrpediate morphological effects of compression and decompresston
"* vwere fLolovwed visually in a high pressure optical absorption cell (Aminco)

and inverted microscope combination. The specimen chamber conaisted
of a small glass ring fused to the lower window axfd covered with a Teflon**
membrane. The osmotic pressure of the compressed media, used in these
short term studies, was increa3ed by the incorporation 'qf seawater (salinity
of 35 parts per thousand) or -an osmotically equivalent sucrose solution
(24%, osmotically equivalent to seawater of salinity 35 parts per thousand.)
Aseptic procedure was not used in those experiments utilizing the optical
cell because of the 'short duration of the studies.

RESULTS

The growth rate of ciliate cultures in media without added seawater
was inhibited progressively by increasing hydrostatic compression (Figure
1). At Z10 kg/crM2 (-a3000 psi) multiplication was inhibited completely,
but cell death did not occur. Following decompression after 100 hours
exposure at this pressure, viable populations closely approximating those
of the original inocula were counted. It was also found that cultures held
at 210 kg/cmZ pressure for 50 hours, then decompressed to lower pres-
sures (either to atmospheric pressure or 70 kg/cm2 ), began log phase
growth immediately,' and followed the growth pattern of cultures compressed
initially at the same pressure levels. The progressive inhibition of growth
rate by increasing hydrostatic pressure as compared with the control cul-
tures at atmospheric pressure was diminished by increased salinity of the
medium. This is indicated by the negative trend resulting from a compari-
son of the extent of inhibition of 70 kg/cm 2 pressure at various increasing
salinities (Figure 2). This diminishing inhibition due to/increased salinity
is a protective effect which wa*s demondtrated visually and quickly in the
optica. pressure cell. Ciliary activity was slowed immediately following
compressions as low as 70 k g/cm2 when nonsaline medium was used.
Ciliates compressed at 350 kg/cmZ for 30 minutes in nonsaline medium

*Abbreviations used in this report are from the GPO Styli Manual, 1967,
unless otherwise noted.

**Reg; stered trademark of E. I. DuPont de Nemours Inc.#
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exhibited complete loss of motility (ciliary inactivation), sphering, the

formation of large internal vacuoles, and increased ceii volume t( igure
3B). Following rapid decompression, these spherical, enlarged organisms

were often observed to burst or cytolyse. Identical-eidate cultures, when

compressed at these pressure leve~js in media with a salinity of 35 parts
per thousand, exhibited none of the above effects. At an even higher pres-
sure(5Z5 kg/cmt-), the cultures appeared normal in morphology and activ-

ity (Figure 3A) as did cultures of the marine ciliate Uronema marinurn. In
media with increased osmolarity due to sucrose, ddition, and compressed

to 525 kg/cm2 , ciliates appeared normal innor6phology with only slight
" loss of motility (ciliary activity).

DISCUSSION

The loss of motility (ciliary activity or amoeboid movement) in pro-
tozoans which were compressed hydrostatically has been historically
associated with the sphering phenomenon, 2,9, 10 which in turn has been
attributed to the solational elect of high pressure on protoplasmic gels. 3 , 11

The flexible and thick pellicle of certain ciliates reduced the sphering, thus

indicating a structural resistance to form change. lZ The evidence preserted
here clearly indicates that hyperosmotic media afford protectiPn to the or-
ganisms at high lAydrostatic pressure.

It is reasonable to assump that pressurization at high levels appears
to cause a breakdown of the water balance mechanisms of the ciliates when

they are compressed in a hypoosmotic medium. The responses of ciliates
compressed to 350, kg/cm2 pressure 'indicate a net influx of water. The
reported expansion of the pellicle and cessation of contractilevcuole activ-
itv of suctorians following compression 1 3 is additional evidence of water
influx. Since ciliates are hyperosmotic to media without added seawater

or sucrose (as was shown by the existence of water-eliminating contractile
vacuoles), the pressure-induced water influx may be due~t6 an inhibitory
effect on contractile vacuolar activity probably inrvolving sol-gel equilibria.
The latter also diminishes 'ciliary activity. These effects obviously exert
additional physiological stresses on the organisms, and are responsible for
the depression of growth rate as shown in.Figure 1. When these ciliates
are compressed in seawater in which they are hypoosmotic or isoosmotic
because of their euaryhaline nature and the importance of the contractile
vacuole activity is diminished, thecabove mentioned pressure-induced
effects are not seen, even at pressures as high as 525 kg/cm2 . Thus, the

reduced osmotic stresses could result in the improvement of growth rate
in saline media at high pressures. The fact that increased osmolarity brought
about by the addition of a nondissociating compound, such as sucrose, also
counterbalances the h1ydrostatically-ir.duced stress, indicates that stabili-

zation of the cell integrity is not primarily a function of specific salt activ-
ity, but largely an osmotic one. Marine jkrotozoa, which are isoosmotýc
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or only s'Iightly hypoosmotic to seawater, and in which the contractile vac-uole is of limited importance in osmotic-balance,. shouid show marked

"resistance to pressure-induced effects. Indeed, the marine ciliate.,
Uronenma marinum showed no physiological changes when compressed to

5Z5 kglcrnZin seawater medium.

Similar findings to those described here (antagonism between osmotic
and hydrostatic pressure) have been found with coliform bacteria and deep
ocean vibrios cultured at high hydkoitatic" pressure, The relationship be-
tween osmotic and hydrostatic, pressure may involve a universal principle
affecting the survival and multiplication of microorganisms in the deep
ocean, and tissue cells under compression. These findings will be reported
later as Part II of this report.

CONCLUSION

From the experimental evidence and inferences noted in the discus-
sion, it is concluded that:

0 Growth of ciliates ini hypoosmotic media is progressively
inhibited by increasing hydrostatic pressure.

* Growth inhibition by hydrostatic pressure is reduced by
increasing the osmotic pressure of the media, either by salts or sugars.

* High hydrostatic pressure causes a breakdowh of the water
balance mechanism since there is a marked net influx of water into the
ciliate.

The results implicate osmotic protection at high hydrostatic pressure
as the basis for survival and multiplication of microorganisms in the deep
ocean.

FUTURE WORK

i . •Additional evidence concerning the interaction of osmotic and hydro-
static pressure on coliform bacteria and deep ocean sedimentary vibrios
is being completed, and will be forwarded as Part II of this report. The
relationship of the above interaction to bacterial metabolism, in particular

I ; the gas metabolism at high hydrostatic pressure, will be emphasized.
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Figure 2
Reduction of the Inhibitive Effect of Hydrostatic Com-

". pression on Ciliate Growth by Increased Salinity of the
Medium. Percent Inhibition is the Percent Decrease
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"Figure 3
Morphology of Ciliates Photographed at High Hydrostatic Pressures; (A)
G. chattoni in Seawater at 525 kg/cm2 Pressure Showing Normal Mor-
phology and Activity; (B) G. chattoni C-ulture in Medium without Added Sea-
water at 350 kg/cm2 Pressure. *"Lhe Increased Number of Ciliates in the
Field of View is due to Ciliary Inactivation and Subsequent Sedimentation
into the Optical Plane. One Division = 28 Microns.
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